Search engines are a fundamental tool for retrieving specific and appropriate information on the Internet; for this reason it is essential for any user to be able to interact with simple, clear and accessible interfaces. In this paper we discuss the main differences between a visual layout and aural perception, and propose a set of guidelines for search engine user interface UIs design.
INTRODUCTION
This work is based on a preliminary survey regarding the use of search tools [1] . Specifically, a questionnaire was distributed to both sighted and sightless persons in order to gather user feedback. Results highlighted that only 38% of blind users were able to find useful information compared to 90% of sighted users. Furthermore 92% of sighted users thought that search engines are easy to use but less than 7% of blind users agreed. For sighted users the main obstacle was choosing the right keywords (62%) while blind users also had difficulty reading results and accessing interfaces. These data demonstrate that UI design has great impact on sightless users. Although many studies are dedicated to userinterface accessibility and usability, few focus on search engines. In [3] a possible combination of usability and accessibility criteria for the visuallyimpaired has been proposed, since both aspects are necessary for those who need assistive devices to browse the Internet. Concerning accessibility, the W3C is one of the main sources of information, tools and resources. Within the framework of the Web Accessibility Initiative the Consortium proposed a set of 14 guidelines. Besides, other accessibility guidelines have been defined by section 508 standards. A search engine prototype providing vocal output by using real-time text categorization to organize results into a voice menu format is discussed in [3] . The NOVA project carried out usability experiments on a sample of blind and visually-impaired users who performed four informationseeking tasks, including the use of search engines. Interesting and detailed results are included in [2] . Unfortunately, search engines are particularly difficult for the blind to use, since difficulties in • Information overload -The unchanging portions of the site (menu, frames with banners, etc.) may overload the reading, because the user has to read through all the items nearly every time, thus slowing down navigation.
• Excessive sequencing in reading the info/mation -The command for navigating and reading may force the user to access the page content sequentially.
• Keyboard navigation -Blind users do not use the mouse function (i.e. pointing, scrolling, selecting) but move by means of keyboard commands, such as Tab key, arrow keys, etc. Consequently, navigation around a page is slowed.
• Screen reader interpretation -The screen reader deals with
Web page content in a manner that differs greatly from visual rendering. This requires a certain expertise in advanced screen reader and browser commands, and orientation within the page content can require considerable effort. The user interface is composed of many features such as:
• Arrangement of components. This point is quite relevant since value-enhancing features are more "visible" when located in an area that is rapidly encountered by eye movement and does not require page scrolling. In the case of the visually-impaired the most relevant features/functions should be placed in a "relevant" position, which means at the top of the page or in an easily-reached point. • Expressive power: A visual representation can communicate certain kinds of information much more rapidly and effectively than other methods. For this reason the interface design should try to maintain the same degree of expression in both visual and aural versions.
• Number of elements. Simplicity allows unskilled users to navigate the interface easily -an interface crowded with elements can create confusion and waste time.
• Functions. A user typically performs a simple search and specifies one or more words, obtaining a large set of results.
Further criteria can be selected in order to restrict search results. Preferences and commands, although very powerful, are rarely used, even by skilled individuals.
• Clustering permits users to explore results grouped by categories. In this way users can navigate a single branch of results more efficiently. This feature, if correctly implemented, renders an interface more usable for the disabled and saves time when exploring the search engine output.
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In order to understand differences between visual rendering (with mouse interaction) and aural navigation with keyboard interaction, it is fundamental to know how the screen reader deals with web contents. The screen reader gets the page source, parses the HTML code and serializes the content in the same order as it appears in the source. Therefore, links, text, DIV blocks, frames, etc. are serialized. Consequently, blind users perceive the page content as a text document: they can read line by line (by arrow keys), or link by link (by Tab key). However, other specific screen reader commands are available (e.g. "t" for skipping to the next table, "h" for moving to the next heading). Many typical visual features are not perceived, but others, such as hidden labels, can be used. Then, information provided by the visual rendering should be communicated in other ways. Another limit of screen readers concerns formatting features. Often, font styles such as "bold", "underlined", or "italics" are applied to meaningful parts of the page, in order to catch the attention of the reader. Unfortunately, these visual attributes are not captured by screen readers, at present. Other issues affecting aural layout are speech synthesizer pronunciation and intonation. Pronunciation difficulties occur especially when reading abbreviations or foreign words. Tags structuring a phrase should be used to improve the synthesizer's pronunciation (e.g. abbr., acronym). Lastly, the user interface should be equipped with sounds, which can rapidly communicate specific events. When a user interface is designed, the developer must be aware of how the screen reader handles the page layout, and how blind individuals perceive page content and interact with the interface.
Proposed Guidelines for Search Engine UIs
Based on previous considerations we proposed some guidelines for improving search engine UI design:
1. Easy location and labeling of edit field and search options.
Place edit fields, option buttons and any other search element at the top of the Web page; avoid secondary elements (links, text, banner frames, etc.). To place an object in a specific position in the visual layout, use the position CSS properties. Be careful to match <label for> with input elements, and put labels above or to the left of the element, rather than below.
2. Highlighting the search result. Use a heading level (i.e. <hi> or <h2>...<h6>) at the beginning of the result list; if possible this heading element should be the first in the page source. If a table is used to format the results, a summary attribute such as "Results of the search: xxx results found" or "No results found" should be assigned. In addition, the number of the current page vs the total number of pages should be clearly indicated (e.g. x of y found).
3. Arranging the results. Put the list of the result links with their summary, just after the search result notification. Create the list by applying <ul> or <o1> elements (each item on the list must be a single result). Thanks to this feature, the screen reader informs the user of the number of items; the user is then able to skip quickly item by item. Besides, the page should not contain too many results; an appropriate number would be ten items. 4. Recognizing sponsored links. Keep the sponsored links separate from the other results. Thus, put them in a clearlylabelled separate table (e.g. "sponsored links" summary attribute), and insert the table code after the results list in the page source; to locate sponsored links on the right side -or in another specific place -use the CSS properties.
Adding navigation and help links. Locate the links pointing
to result pages at the end of the list. This allows users to read first the current results (summaries and links) and then the pointers to the next ones (this is important when users move by arrow keys). Furthermore, it would be useful to add help or navigation links (hidden links) for moving around the page ("skip to results", "go to search edit field", "go to result"). 6. Navigating more quickly. Assign a scale of importance to objects so users can reach the most important elements quickly. In the first search page, higher values should be assigned to edit field and search options; whereas in the result page the higher values should be given to result links. A lower value should be assigned to secondary links if present (such as "cached" or "similar pages"). 7. Alerting by sound. Different sounds for different events should provide useful information for blind users. For instance, two different sounds may be used to indicate the success (at least one result) or failure of the search. 8. CSS2 aural style sheets. Style sheets is a mechanism for separating the presentation style of documents from the content. W3C has produced several levels of CSS (Cascading Style Sheets) language. The current Recommendation is CSS level 2 (CSS2, http://www.w3.org/TR/CSS21/) and a new specification (CSS level 3) is under development at the present. Web designers should use aural style sheets provided by CSS2 specification for making web contents more usable and accessible to blind people. At the same time, browsers and screen readers must be able to interpret aural CSS properties.
CONCLUSION
Accessibility and usability are essential for those who use assistive technology to navigate the Internet and search for information. In this work we discuss accessibility and usability of search engine UIs from the point of view of sightless users and propose some guidelines for improving UI design. Search engine companies should make an effort to modify interface layout and HTML source in order to reach a greater number of users.
